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Table 1

plosive %

Formula of matrix samples for on-site emulsion ex-

engine . o
samples AN SN water diesel biodiesel Span-80

oil

1* 72 5 16 2 3 0 2
2# 72 5 16 2 2 1 2
3* 72 5 16 2 1 2 2
47 72 5 16 2 0 3 2
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a. sample 1* b. sample 2*
c. sample 3" d. sample 4"
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Fig.1 Microstructure of four groups of samples

PDI: 2.525
PDI: 2.573

distribution / %

2 AZHAE IR YRR AR AG I 45 2R
Fig.2 Test results of inner phase particle size of four groups
of samples
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T2 ARSI HHERAE S 5L
Table 2

groups of samples

Internal phase characteristic parameters of four

samples D[3,2]/um  W/pm D(0.5)/um D(0.9)/um
1" 5.216 21.464 5.733 9.979
2* 4.507 11.523 4.768 7.131
3* 4.564 11.523 4.834 7.257
4* 4.562 11.738 4.864 7.382

Note: D(0.5)is the corresponding particle size when the cumulative particle
size distribution percentage reaches 50%; D(0.9)is the corresponding
particle size when the cumulative particle size distribution percentage
reaches 90%.
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Fig.3 TG curves of four groups of samples
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Fig.4 DTG curves of four groups of samples
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£3 AABRERNT, T Ka,
Table3 T .., T, and «, of four groups of samples

samples T el C T,/C a,/%

1" 249.78 272.17 15.33

2* 251.20 274.99 15.21

3* 250.51 269.90 15.13

4* 235.46 262.07 14.93

Note: T is extrapolation initial decomposition tempera ture; T, is the

peak temperature of the reaction; a, is the weight loss rate in the first

reaction stage.

M BT — S IN I Sk EE G 3 B R P 32 A A
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B R L At = AN B T2 5 R AR RO, Ay TR
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W AP Sl 1 A 0 A3 R T g 0 A VL A TR RS o
2.3 PAESHITHE

53 9 A H] Ozawa #: (2 (2) ) J Kissinger ¥ (2
(3)) R il BE 9 15 AL E (B) e 8 /i 7 (A) 78,

lgB = | AL, - 2.315 - 0.4567 £, (2)

8618 RG(a) ’ ' RT

Inﬁ =InAkR—EL (3)
T, E, R T,

XL, BNTHEER ,C-min"; ARTBHTIN s E R
Ozawa £ T B G AL AE , kJ-mol™ s R Jy BB IR A%
$0,8.314 J-mol™ K" G(a) 2N iz )3 HILF p& 55 18 FH 4 I
5o R SN G380 TR EE K T, 28 2% o 8 a5 I X iy
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KissingeriL i BTG fLRE k) -mol™. & 4 UL FE Y
Ozawa ikl & 4k, Ozawa K11 E, Kissinger 2K
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Table 4 Average activation energy and fitting degree of four

groups of samples calculated by Ozawa method

samples E,/ kJ-mol™ R?

1* 138.64 0.9923
2* 140.96 0.9957
3* 137.82 0.9882
4* 121.57 0.9913

Note: E is activation energy obtained by method of Ozawa.

F5 Kissinger k1509 PULLRE S 1 E, g A S LA £
Table 5 £, IgA and fitting degree of four groups of samples

calculated by Kissinger method

samples E/K-mol™  IgA, R’

1" 141.47 13.36 0.9997
2" 146.94 13.82 0.9990
3* 141.44 13.41 0.9953
4% 126.02 12.07 0.9997

k45K PR, BT 450 EA B KT
Hh HAth 3 AR Y EZEAR /N RS BN TR B0, AT LI R
HG AL e WA R AR |, 2 B 5 i T A B ) 2 W TG
TBHE E, 5 EARAL, 4 ZH AR & 09 15 A RE A8 Ak ka #AAH [] |, B
MR OC R B R 1, UL A AR LI AT BT A
1) TG SEB 45 & v 509 o % 1k B 3 7R | 1Y BE 52 oF
A1 B, HAE R/ R WAk 2 B kA B E B R
4 A S AN ATRE R TE AL RE R AR, BARTIA R R AEY)
Seh B ik R CHARE 2] 2 /0 ) i 25 5 8O i A g e
PEREMR . 20 AT IA R, A W S % ok R, i T A
Er IR AE L6 S A, 52w 2L AL SRR 09 2 48, 5 S50 B iy
S AT TR B AE THIR G AR b — S Py A R T R R A
Ml 54, SO PR A RR R PR32 DX 3 ) 1 AR 2 #E 1T TR B
PRSI TR B R AL &2, 2 W b 3 B R I Ak g
PR R AL, 71T 325 Sk P9 2 40 S T AN 25 5 T Vil R ) R 2 R
R~ 3T IS AL BE L 4T
2.4 FHMAFNIERHEE

M A Satava-Sestak ¥ R 15 e HE AR 50 1 2# HLEH pR 4K
G(a)'"" 1E Satava-Sestak J5 F2 H 51 AR Y 52 b HLER
PRET, T A X R B E, R g AR 5 H S E R Ig A E
7 i i 2 K (4) 2 (5) LK 0<E,<400 kJ-mol™ i il
TR FIC R A JIT SR ) S5 MR SR B 7 AL BRI 4R ) A
i HLFE pR L WL 2% 6, Satava-Sestak 5 FE L (6) .

N XK 2023 % F 314 H58 (467-476)



472 ok U TR PN A AR
1.3 1.3/ Avg.E,: 140.96 kJ-mol’ =02
12 12 gl
11+ 11 o0
a=0.5
S 10 S 10 a=06
0.9r 0.9r TR a=0.7
08 08 =08
0.7 Avg.E;: 138.64 kJ-mol’ 0.7 )
0.001794 0001840 0.001886 0.001932 0.001978 0.001760 0.001815 0.001670 0.001925 0.001980
T'IK' T'IK'
a. 1* b. 2*
1.3: \\\\\ 1.3F \\\\ Avg.E; 121.57 kJ-mol’ a=0.2
1.2 \\\ 1.2r
1.1r A\ 1.1+
S 10r S 10
0.9r 0.9r
0.8f 0.8+
07} Avg £ 1782 kimo’ \ N ‘ 07
0.00175 0.00180 0.00185 0.00190 0.00195 0.00200 0.06171 0.06178 0.06185 0.06192 O.OOIZOO
T'/K' T'/K!'
c. 37 d. 4'
5 A4FEEL I Ozawa kLA i £k
Fig.5 Fitting curves of four groups of samples by Ozawa method
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Table 6 The most probable mechanism function model of each sample
samples serial number  mechanism Gla) fla)
1" 9 Random nucleation and subsequent growth =In(1-a) 1-a
2* 9 Random nucleation and subsequent growth =In(1-a) 1-a
3* 7 3D diffusion [(1+a) =177 (3/2) (1 +a) [ (14a) =117
4* 8 3D diffusion [(1=a) =172 (3/2)(1=a) [ (1=a) " =1]""

Note: f(a) is the differential form of the mechanism function. G(a) is the integral form of mechanism function.

E - E
= 1< 0.1 4
E (4)
lgA. — lgA
‘gsgkgoa (5)
IgA,
AE E
leG = | = - 2315 - 0.4567 — 6
gG(a) = Ig R3 s (6)

A, GCo) Sl J2 I HLBE R %% ; A, K Satava-Sestak 753
RSN T, 57" .M Satava-Sestak 25 i1 5 19 1 1k
A, k)-mol™ ; AR S8 L5 FSCHITE .

B & A S i 4R e LR SR 1 B0 i S
Jof S5 A SR AL B A A2 S, 2 AR ) S B 0% F1 %
BF, B I AL B Ay B AL B A R s 385 K, T 2 B R 2%
1 3% B, MLERAR g = 25 80, 7 & J W 5 5 A% 4L
F A R A G MG RS N B A G,
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a. sample 1*-0d b. sample 2*-0d

m. sample 1*-6d n. sample 2*-6d

El6 4FEMTEO0,2,4,6 M3 WIS IR ML

c. sample 3*-0d d.

j. sample 3"-2d

sample 4*-6d
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Fig.6 Appearance morphology of four groups of samples after 0, 2, 4, 6 vibration periods

FE S AR SR AT LA CRFE AR AR (B 6n) o AR, AT 7
) £ FE S OW Z5 4 0] LR AR 2 4 S L 47k
il 9 28— PE AR 22 HORLAR A B A8 K i B4 (1 7d) i
19~ 3R i 1Y 1 — VA X 3t (& 7a,7b, 7¢) s 18 4 4 ik
Sl JE S, 4TRE A R DL AR B B B R A B4 (H
7h), B3 — P R B, 190 3%RE 5 1Y 35 — P TF 1R 2%
25,1 HAT DO 2] — Sk 42 55 K 1) N AR R £ (8] 7e,
75) 0 27K AT LABEAS R AR S (181 76) , 24— 1
FEAPEFFAAE YR 20t 6 AR sh JE TS L vT DLBH &

CHINESE JOURNAL OF ENERGETIC MATERIALS

B4R BT AT R A B (1 71 AR AL Y )
TR 3R i 2 — 8 22 (1 70, 7k) , HLAVR 9 RL A2 A
AR R B, T 27 i (4 A REDRE 5 B kL AR R R B
SR (& 7)), B3 — PR

TN, T B IR AR FLAL K 25 B BT A L
P (LA i A RDREAR 276 0.1 pwm LR IR
PR B il -7 BT 5K ) R 2O IE AR R B A N B T
1T B LR O AR A RE A R B, BB G B AR R Bk
JOE 220 T A 2 A A R A R Y R T

A et A 2023 % F 314 H58 (467-476)



474

e 2 U R, I TE A

a. sample 1"-2d b. sample 2*-2d

i
e. sample 17-4d f. sample 2"-4d

i. sample 1*-6d j. sample 2*-6d

Bl 7  44FEMAE 2.4 .6 R30S A0 o0 2%

c. sample 3"-2d

sample 4*-2d

j. sample 3"-4d h.

k. sample 3"-6d L.

Fig.7 Microstructure of four groups of samples after 2, 4, 6 vibration periods
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Fig.8 Dissolution rate changes of four groups of samples af-
ter different vibration periods
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Effect of Biodiesel on Thermal Decomposition Characteristics and Anti-vibration Performance of On-site
Mixed Emulsion Explosives

YANG Ce', LI Hong-wei', YANG Sai-qun’, SUN Jian-hui', ZHANG Bin-bin’
(1. School of Chemical Engineering, Anhui University of Science and Technology, Huainan 232000, China; 2. Nuclear Industry Jingxiang Construction
Group Co., Lid., Huzhou 313000, China)

Abstract: In order to explore the effect of biodiesel on the thermal decomposition characteristics and vibration resistance of
on-site mixed emulsion explosives, the microscopic structure, thermal decomposition characteristics and vibration resistance of
the matrix samples of on-site mixed emulsion explosives with biodiesel as the oil phase material were studied by laser particle
size analyzer, optical microscope, synchronous thermal analysis technology, vibration experiment and water dissolution meth-
od, in which the mass contents of biodiesel were 0%, 1%, 2% and 3%, respectively. The results show that the average particle
size of the on-site mixed emulsion explosive matrix samples with biodiesel is smaller, the uniformity of the internal phase parti-
cles is better, and the average particle size and dispersion index are reduced by 12.9% and 38.0% respectively, compared with
the sample without biodiesel. When the mass content of biodiesel in the sample is 3%, the initial temperature, peak temperature
and activation energy of the decomposition reaction are reduced by 5.8%, 3.7% and 12.3%, respectively, compared with the
in-situ mixed emulsion explosive matrix sample without biodiesel, indicating that the thermal stability is reduced. The
anti-vibration performance of the on-site mixed emulsion explosive matrix sample with 3% biodiesel is the worst. The dissolution
loss rate increases from 0.117% to 0.313% after 6 vibration periods, and the crystallization phenomenon appears after 4 vibra-
tion periods. The on-site mixed emulsion explosive matrix sample with 1% biodiesel has the best anti-vibration performance. Af-
ter 6 vibration periods, the dissolution rate increases from 0.070% to 0.197%, and no crystallization occurs. When the content
of biodiese is 1%, the average particle size of the internal phase is small, the distribution uniformity is good, the thermal safety
is high and the vibration resistance is the best.
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